The purpose of this small study was to compare the physical exertion felt by nursing staff while transferring non-weight bearing residents from bed to chair and chair to bed using various methods of transfer. Another goal was to compare the residents' feelings of comfort and security using these transfer methods. Transfers using a specially designed chair that included a friction reducing transfer pad with handles were compared with transfers using a mechanical lift and a gait belt. Nursing personnel rated their perceived exertion immediately after the transfers; residents rated their feelings of comfort and security immediately after the transfer. Perceived physical exertion to shoulders, upper 316 back, low back, and body were significantly decreased when using the chair and transfer pad. Residents reported feeling more comfortable and more secure while being transferred via the chair and pad versus the traditional methods of transfer in and out of bed.
A Pproximately eight million workers are employed in the health care industry. This is 6.4% of the total U.S. work force (Nelson, 1996) . Even though these health care workers make up less than 10% of the work force, they lead most other occupational groups in overexertion injury rates. The majority of the health care workers are nursing personnel working in a variety of settings including hospitals, long term care facilities, clinics , and in client s' homes.
Back injuries have been a significant long term problem for health care workers, especially nursing personnel who provide direct patient or resident care. Research reports dating back to the late 1960s indicated the incidence of back injuries to be high in nursing personnel as compared with other workers (Buckle, 1967; Magora, 1969) . Klein (1984) found, through analysis of national workers ' compensation claims, that nursing personnel ranked fifth among all workers for occupationally related back problems. Nursing personnel were surpassed only by heavy physical labor groups : miscellaneous laborers, sanitation workers, warehou se workers , and mechanics. In 1995, the Bureau of Labor Statistics reported a startling statistic: nursing assistants in long term care facili- With an ergonomic approach, high risk job tasks and activities can be redesigned to allow these physically stressful tasks to better fit work force capabilities.
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METHOD

Setting
The study site was a skilled nursing home facility with a bed capacity of 119 residents. Fifty-six percent of the residents were non-weight bearing (dependent) and
Many reasons exist for addressing this occupational injury problem in health care settings. They include the disability and impact suffered by the individual worker and the increasing financial burden to society. As the health care industry continues to strive for cost saving opportunities, many view the workers' compensation costs, medical costs, and associated indirect costs of occupational injuries as an opportunity for significant cost savings. In addition, improving the situation can also result in enhancing the quality of life for workers and quality of care for patients.
Traditional approaches to back injury prevention in health care, such as training programs in body mechanics, have not been very successful in reducing the incidence of occupational back disorders experienced by health care workers (Daltroy, 1997; Harber, 1985; Lagerstrom, 1997; Stubbs, 1983) . New directions are needed for injury prevention activities that can show positive results. Other industries have begun to embrace the concept of ergonomics as the best route to success for addressing musculoskeletal disorders. With an ergonomic approach, high risk job tasks and activities can be redesigned to allow these physically stressful tasks to better fit work force capabilities. The implementation of ergonomic designs has made a difference in the outcomes of studies conducted in health care settings. Major reported differences were a reduction in overexertion injury and lost work day rates, decrease in perceived physical stress experienced by the health care worker, and increase in feelings of comfort and security experienced by patients and residents (Charney, 1997; , Owen, 1993 .
A small study was conducted to implement an ergonomic approach in the redesign of transferring nonweight bearing nursing home residents from bed to chair and chair to bed. The primary goal of this study was to compare the perceived physical exertion experienced by the nursing staff while transferring these residents from bed to chair and chair to bed using an ergonomically designed transfer technique versus traditional methods of transfer (via gait belt or mechanical lift). Another goal was to compare, whenever possible, residents' feelings related to comfort and security while being transferred via the various methods of transfer. Because the rate is so high for nursing and personal health care workers 06.9), the Healthy People 2000 goal for this group is to decrease the number of work related injuries to no more than 9 per 100 full time nursing and personal health care workers. However, according to the Healthy People 2000 Review (USDHHS, 1997), this goal is far from being met. The rate increased to 17.8 in 1995.
It is well documented that nursing personnel rank high in workers' compensation claims related to overexertion injuries, primarily to the lower back, upper back, and shoulders. Major contributing factors, implicated by incident reports and nursing personnel perception, have been patient handling tasks and the environmental risks related to carrying out these tasks (Bell, 1984; Harber, 1985; Jensen, 1985; Owen, 1987 Owen, , 1993 Owen, , 1995 Personick, 1990; Stubbs, 1983) . The specific tasks implicated have been lifting and transferring patients or residents in and out of bed, on and off the toilet, and on and off stretchers; bathing and weighing patients; and moving them in bed and off the floor. 
Study Instruments
A Likert type scale was used to determine the rating of perceived physical exertion (stress) on the shoulder,
Subjects
Certified nursing assistants (CNAs) . Thirteen CNAs from the study site rated their perceived exertion (RPE). Fourteen CNAs provided RPE data from the comparison nursing homes.
Residents. Six non-weight bearing residents from the study site were able to provide comfort and security data; there were five from the comparison sites. Most residents were unable to provide comfort and security ratings due to cognitive inabilities.
were usually transferred from bed to chair and chair to bed by one or two certified nursing assistants (CNAs). The methods of transfer included using a mechanical lift or a gait belt.
Two similar skilled nursing homes were chosen to compare the perceived exertion ratings and feelings of comfort and security with those of CNAs and residents of the study site. The nursing homes were similar in that the percent of dependent residents needing help with transfer were similar and residents were transferred via similar assistive devices.
The first nursing home had a bed capacity of 184; 52% of the residents were non-weight bearing. The dependent residents were generally transferred from bed to chair and chair to bed by two CNAs using a gait belt or a mechanical lift. The second nursing home had a bed capacity of 280, with 58% of the residents non-weight bearing. The dependent residents were transferred by two CNAs using a gait belt or full body mechanical lift. Therefore, the study nursing home and the comparison nursing home were similar in the percent of non-weight bearing residents and the usual method of transfer for these residents.
upper back, lower back, and whole body while carrying out the tasks of transferring from bed to chair and chair to bed (0 = no exertion, 10 = extremely hard exertion). Borg (1978; 1982) determined the reliability and validity of this scale. At the bottom of the instrument was space for comments (see Figure 1 for instrument). Subjective ratings (perceived exertion) were deemed adequate for this study because and Winkelmolen (1994) found no significant difference in findings using the Borg scale for perceived exertion and the more complicated, time consuming, and labor intensive biomechanical model methods. In addition, many of the biomechanical models are difficult, if not impossible, to use in an actual clinical setting where the primary objective of the setting is to provide care to patients or residents.
Patient comfort and patient feeling of security scales were used to determine reactions from residents (0 = very comfortable; 7 = extremely uncomfortable; 0 = very secure; 7 = extremely insecure). The scales had been used in previous studies by Owen (1993 Owen ( , 1995 and (see Figure 2 ).
Procedure
Ergonomically designed chairs and transfer pads were introduced into the study site to be used for transfer of the dependent residents for bed to chair and chair to bed transfers (see Figure 3 ). The study chair resembles a cardiac chair in that it easily converts from chair into a stretcher position. This permitted the nursing staff to pull the resident horizontally from bed to chair and vice versa, instead of manually lifting the resident or using a mechanical lift. The study chair is then converted into the sitting position. The study chair differed from a cardiac chair in that the back of the study chair can be tilted at varying degrees for the safety and comfort of the resident. A friction reducing transfer pad with ergonomically designed and positioned handles was used. This permitted the nursing staff to easily pull the resident onto the chair (in the horizontal position) without reaching or stretching. The pad decreased horizontal reach by the nursing staff and, therefore, potentially reduced stress to the musculoskeletal structure of the staff during the transfer proces s. The following procedure was used in instruction for the transfer:
• The resident was prepared for the transfer, • The study chair was brought to the bedside and aligned to the height of the bed, • The resident was turned to the side and the transfer pad placed under the resident, • The resident was turned back into supine position, • The nursing staff person on the chair side gripped the specially placed handle s on the pad and pulled the resident over about half way, • The staff person repositioned their hands to the next set of handles and pulled the resident completely over to the chair, which remained in the horizontal position, and • The chair was then arranged into the sitting position and the pad removed from under the resident. All CNAs at the study site who volunteered to be in the study were taught the procedural technique and allowed to practice until they felt comfortable with the transfer and performed the technique correctly. They were then allowed to use this technique with the residents.
The CNAs in all the settings who volunteered for the study were oriented to the study instruments and were asked to fill out the RPE forms immediately after the transfers were carried out from bed to chair and chair to bed. In the study site, these forms were completed after transferring via use of the study chair. In the comparison sites, the CNAs were asked to complete the forms after transferring dependent residents from bed to chair or chair to bed using the method of transfer listed in the care plan of the resident.
In all three settings, the residents, when capable, were instructed about how to fill out the instrument and were asked to rate their feelings of comfort and security after the transfers were completed.
The t-test of significance was used to determine JULY 1999 VOL. 47, NO.7 whether or not the difference between the sample means was significant.
RESULTS
Ratings of Perceived Exertion
In the study site, 13 CNAs provided RPE data, which were derived from 155 transfers from bed to study chair and 155 transfers from study chair to bed. From these transfers , there were 301 RPE responses relating to the transfers from bed to chair and the same number relating to transfers from chair to bed. Two CNAs made each transfer. However, for nine of the transfers , no data were provided from one of the CNAs making the transfers because of work time limitations resulting from urgent resident needs. Transfers were completed on 23 different residents in the study site.
In the compari son nursing homes , 14 CNAs were involved in providing RPE data. One hundred fortyseven RPE responses were derived from the 75 transfers from bed to chair and the same number from the 75 transfers from chair to bed. Two CNAs made each transfer. However, once again, both CNAs did not provide RPE data for three transfers due to work time limitations. Transfers were completed on 42 different residents in the comparison sites.
Transfer from Bed to Chair
Perceived exertion to the shoulders. The mean rating from the CNAs at the study site was 3.93 (SO =1.04, range = 0 to 8). The mean from the CNAs at the comparison sites was 4.85 (SO = 1.42, range = 2 to 9). The ratings were significantly higher in the comparison sites (t (446) = 7.73, p < .00 1) when compared with the study site (see Table 1 and Figure 4) .
Perceived exertion to the upper back. The mean rating from the study site was 3.01 (SO = 1.09, range = 1 to 8 Figure 4 . Mean ratings of perceived exertion to shoulder, upper back, lower back, and whole body when transferring residents from chair to bed and from bed to chair in study and comparison sites.
(SD=1.36, range = 3 to 9). The ratings were significantly higher in the comparison sites (t (446) = 15.32, p < .001) when compared with the study site (see Table 1 and Figure 4) . Perceived exertion to the lower back. The mean rating from the study site was 3.36 (SD = 1.16, range = 1 to 9). The mean from the comparison sites was 5.68 (SD = 1.58, range = 2 to 10). The ratings were significantly higher in the comparison sites (t (446) = 17.57, P < .001) when compared with the study site (see Table 1 and Figure 4) .
Perceived exertion to the whole body. The mean rating from the study site was 2.47 (SD = 0.97, range = 1 to 6). The mean from the comparison sites was 5.64 (SD = 1.68, range = 2 to 10). The ratings were significantly higher in the comparison sites (t (446) = 25.17, p < .001) when compared with the study site (see Table 1 and Figure 4) .
Transfer from Chair to Bed
Perceived exertion to the shoulders. The mean rating from the study site was 3.76 (SD = 1.15, range = 2 to 10). The mean from the comparison sites was 4.46 (SD=1.47, range = 2 to 9). The ratings were significantly higher in the comparison sites (t(446) = 5.57, p < .001) when compared with the study site (see Table 1 and Figure 4) .
Perceived exertion to the upper back. The mean rating from the study site was 2.55 (SD = 1.00, range = 1 to 9). The mean from the comparison sites was 4.38 (SD = 1.50, range = 2 to 9). The ratings were significantly higher in the comparison sites (t(446) = 15.26, p < .001) when compared with the study site (see Table 1 and Figure 4) .
Perceived exertion to the lower back. The mean rating from the study site was 2.88 (SD = 0.97, range = 1 to 6). The mean from the comparison sites was 5.29 (SD =1.63, range = 2 to 9). The ratings were significantly 320 higher in the comparison sites (t(446) = 19.45, p < .001) when compared with the study site (see Table 1 and Figure 4) .
Perceived exertion to the whole body. The mean rating from the study site was 2.12 (SD = 0.94, range = 1 to 5). The mean from the comparison sites was 5.12 (SD =1.81, range = 2 to 9). The ratings were significantly higher in the comparison sites (t(446) = 22.98, p < .001) when compared with the study site (see Table 1 and Figure 4) .
Summary of Written Comments
The CNAs wrote 101 comments. Sixty-seven of these were written by CNAs from the study site. They wrote about the ease of pulling with the transfer pad, the comfort of the handles for a grip, and the decrease in feelings of exertion because they did not have to reach across the bed. The only negative comments related to the difficulty in getting the transfer pad out from under the resident when the resident was transferred from bed to chair (this occurred because the chair was not wide enough to turn the resident to the side to get the pad out). In addition, many gave comments about recommendations for ways to remove the transfer pad from under the resident in a less stressful manner (For example, the CNA leaned the resident forward after getting into the chair and gently slipped the pad down and then out. Skin abrasion was not possible because the resident was fully clothed. Another example was to place the pad only three quarters of the way under the resident so when the resident was pulled to the chair, the pad was easily pulled out before the study chair was reclined into the chair position). The CNAs also made comments about their need to remember to pull rather than lift while transferring with the pad.
In the comparison sites, the CNAs commented about the tasks being stressful because of the weight or other attributes of particular residents and the stress of trying to get the resident from the prone position to sitting on the side of the bed so the transfer could be made.
In addition, they commented about the lack of availability of mechanical lifting equipment when the resident was ready to be transferred.
Ratings of Resident Feelings of Comfort and Security
A total of 31 ratings of feelings of comfort and security were received from residents. (Because of the small number, no differentiation was made between transfers from bed to chair or chair to bed.) Twenty-four of the ratings came from six residents from the study site who were transferred via the study chair. The remaining seven ratings came from five residents from the comparison sites. These residents were transferred via a gait belt.
Comfort. The mean rating from the study site was 0.75 (SD =0.94, range =0 to 4). The mean rating from the comparison sites was 3.71 (SD = 0.95, range = 2 to 5). The residents from the study site were more comfortable being transferred than the residents from the comparison sites (t(29) = 7.30, p < .001). However, caution is given because the number of responses is so small (see Table 2 ). Security. The mean rating from the study site was 1.16 (SD = 0.86, range = 0 to 4). The mean rating from the comparison sites was 3.42 (SD = 0.97, range = 2 to 5). The residents from the study site felt more secure being transferred than the residents from the comparison sites (t(29) =5.91, p < .001). However, once again, caution is given because the number of responses is so small (see Table 2 ).
DISCUSSION
The goal of this small study was to compare the perceived physical exertion experienced by the CNAs while transferring non-weight bearing residents from chair to bed and bed to chair using the study chair with a transfer pad and the traditional methods of transfer (by use of gait belt or mechanical lift). Another goal JULY 1999 VOL. 47, NO.7 was to compare, whenever possible, residents' feelings related to comfort and security while being transferred via the various methods of transfer.
The CNAs from the study site rated perceived physical exertion to shoulder, upper back, lower back, and whole body significantly lower than the CNAs from the comparison sites. This was true for transfers from bed to chair and from chair to bed. Therefore, in this small study the findings indicated the study chair method of transferring non-weight bearing residents was perceived as less stressful than the transfer via gait belt or mechanical lift. It probably was less stressful than the gait belt technique because it used a pull rather than a lift technique. In addition, it probably was less stressful than the mechanical lift method because there are fewer steps involved in the process of transferring with the study chair. With the use of the mechanical lift, the CNAs had to place the sling under the resident, attach the mechanical lift to the sling, manipulate the lift for the transferring, position the resident in the chair, and remove the sling.
The ratings to all four body areas were somewhat higher for CNAs from both the study and comparison sites for transferring residents from bed to chair. The CNAs from the comparison sites indicated the bed to chair transfer was more physically exerting because of the need to move the resident from the prone position to a sitting position on the side of the bed so the transfer could be made. The CNAs from the study site did not have to move the resident to a sitting position because the resident was transferred in a horizontal position and then placed in a sitting position via the mechanism of the study chair. However, comments from the CNAs from the study site indicated the transfer from bed to chair demanded more physical exertion than chair to bed because of the task of removing the pad from under the resident once the resident was transferred into the sitting position. The CNAs gave excellent recommendations about how the perceived stress could be decreased and, after this present study was completed, the recommendations were to be tested.
In the study site, the body area that received the highest RPE during both the bed to chair and chair to bed transfers was the shoulders. Based on CNAs comments for the bed to chair transfers, the need to pull the pad from under the resident when the resident was in the sitting position caused greater exertion to the shoulder area. For the chair to bed transfers, the shoulder ratings may have been due to pulling the resident from the chair (in the horizontal position) to the bed.
In much of the literature, the ergonomic changes made in transferring patients and residents have been directed at decreasing the exertion to the lower back (Holliday, 1994; Knibbe, 1995; Owen, , 1993 . This study suggested the RPE to the lower back could be reduced through the use of the study chair and transfer pad in comparison to the use of traditional methods for transferring non-weight bearing residents from chair to bed and bed to chair. However, the study also indicated the body part receiving the highest rating of perceived exertion was the shoulders. Even though these ratings were lower than those of the comparison sites, the former needs further study. When studying ways to reduce the stress to one part of the body, one must be alert to the possibility of untoward consequences of that change. An example is creating more stress to the shoulders that could then progress to a shoulder injury.
The number of residents able to respond about their feelings of comfort and security during transfer was small. However, the six residents at the study site able to respond indicated they were very comfortable and felt secure while being transferred via the study chair. Their ratings for both comfort and security were higher than the ratings given by the few residents that could respond in the comparison sites.
In summary, perceived physical stress to the shoulders, upper back, lower back, and whole body were decreased for nursing personnel when transferring residents from bed to chair and chair to bed by use of the study chair in combination with the ergonomically designed transfer pad. Few residents were capable of providing feedback about their feelings of comfort and security during transfer. However, of those who could respond, residents at the study site provided ratings that indicated they felt more comfortable and secure than the residents at the comparison sites.
Need for Further Research
Further research is needed in the study of various assistive devices or methods/techniques of transfer so that stress to all body parts of the caregiver can be reduced and patients/residents can feel comfortable and secure within this process. Additional research is needed with the study chair and transfer pad to find ways to reduce the stress to the shoulders. Limitations of the present study include the small sample size for both CNAs and residents and the fact that it was a convenience sample. Strengths of the study are that it was conducted in the actual clinical setting during care of residents and that some resident response was obtained. Attempts to continue to receive patient/resident 322 .......
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What Does This Mean for Workplace Application?
Change frequently occurs at the worksite. Often it is not known if the change will actually improve the situtation. This small study is an example of the type of research project that can be accomplished at the worksite which can give some clues to the potential success of the change.
responses to the ergonomic changes are important to assure the impact of the changes is favorable to all involved and not only to the caregiver.
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